**Clinical Scenario**

Testing patients with advanced non-small-cell lung cancer (NSCLC) for epidermal growth factor receptor (*EGFR*) mutation status may help determine who is more likely to respond to the tyrosine kinase inhibitor erlotinib. Recent data suggest that patients with *EGFR* mutations are more responsive to treatment with erlotinib and gefitinib than those without mutations, which may make it possible for doctors and patients to tailor therapy at diagnosis. Nevertheless, several uncertainties remain regarding *EGFR*, including: (1) the prevalence of this mutation among all patients with NSCLC; (2) the need for a second biopsy, given that testing for *EGFR* requires volumes of tumor that are often beyond that obtained for diagnosis; and (3) the optimal *EGFR* testing strategy (i.e., test all patients or confine testing to patients with correlated clinical characteristics.  Those issues may strongly influence the effectiveness and cost-effectiveness of *EGFR* testing as a management strategy for patients with NSCLC.

**Test Description**

*EGFR* mutation analysis detects acquired mutations in the *EGFR* gene in tumor specimens of patients with NSCLC.  There are various polymerase chain reaction (PCR)-methods that can detect the mutations, as well as through the use of direct sequencing, which is currently considered the gold standard.

**Public Health Importance**

Lung cancer is the second most commonly diagnosed cancer in the United States, with NSCLC accounting for approximately 80% of all lung cancer cases.  Lung cancer is the leading cause of cancer-related deaths in both men and women in the U.S. [@ref-2163982678]. Current first-line therapy of advanced NSCLC is platinum-based doublet chemotherapy and is usually limited to four to six cycles. Tyrosine kinase inhibitors, such as erlotinib, have been developed and approved for use in maintenance (i.e., after platinum-based first-line treatment without progression) and second-line treatment of NSCLC [@ref-1216318083] [@ref-1035392758].  Approximately 10-20% of NSCLC tumors have a somatic mutation in *EGFR*, but prevalence varies among patients with different phenotypes (e.g., women, Asians, non-smokers versus smokers, cancer histology).

**Published Reviews, Recommendations and Guidelines**

**Systematic evidence reviews**

      Blue Cross Blue Shield Association, Technology Evaluation Center (BCBS TEC) -- BCBS TEC concluded that there is sufficient evidence to conclude clinical validity or utility of *EGFR* mutation testing to predict response to erlotinib and to guide treatment decisions in patients with NSCLC [@ref-1492961004].

**Recommendations by independent group**

      None identified.

**Guidelines by professional groups (in order by year of publication)**

American Society of Clinical Oncology (ASCO) -- recommended that patients with NSCLC who are being considered for first-line therapy with an EGFR tyrosine kinase inhibitor (TKI) should have their tumors tested for *EGFR* mutations* *to determine whether EGFR TKI or chemotherapy is administered as first-line therapy [@ref-396676442].European Medicines Agency -- currently only recommends the use of erlotinib for second-line therapy (in NSCLC patients with *EGFR*-positive tumors); Roche has applied to include its use in first-line treatment in patients with advanced NSCLC with *EGFR* mutations [@ref-829917433].  Gefitinib, a similar tyrosine kinase inhibitor, is approved in the first-line treatment in patients with advanced NSCLC with *EGFR* mutations.Expert Panel Meeting of the Italian Association of Thoracic Oncology -- recommended that *EGFR* mutational analysis, at present, is not recommended in all patients [@ref-197351453].  It should be performed in subgroups of patients characterized by higher prevalence of *EGFR* mutations (e.g., Asians, never smokers, women, adenocarcinoma).  The group recommended that in patients with *EGFR*mutations, an EGFR TKI may be considered as first-line treatment.In a recent consensus meeting of Canadian medical oncologists in March 2010, the group recommended:

"....that diagnostic lung cancer samples of patients with non-small cell lung cancer be routinely tested for activating mutations of the*EGFR*.  Given the available clinical data, this testing should be limited to patients with advanced NSCLC and non-squamous histology.....Mutation testing is most relevant to treatment decisions in the first-line therapy setting and may also be relevant whenever a choice between chemotherapy and EGFR TKIs is to be made." [@ref-3997067558]

      National Comprehensive Cancer Network (NCCN) -- In the V1.2011 Guidelines [@ref-423932076], NCCN recommended *EGFR* mutation testing for the following lung cancer histologies: adenocarcinoma, large cell, and NSCLC, not otherwise specified.  They also recommend the use of erlotinib as first-line therapy for patients who have an *EGFR*mutation.

A summary of all mentioned recommendations and guidelines appear in Table 1 below.

**Table 1**.  **Recommendations by Organization** ^**1**^ **as to the Utility of *EGFR* Mutation Testing for Erlotinib Therapy in NSCLC.**

  **Organization**  **EvaluatedTreatment**\
**First-line                                        Second-line**BCBS TECYesYesYesASCOYesRecommended in a subset of patientsYesNCCNYesRecommended in a subset of patientsYesEuropean Medicines Agency^2^YesNoYesItalian Association of Thoracic OncologyYesRecommended in a subset of patientsRecommended in subset of patients

**Evidence Overview**

***Analytic Validity*:**test accuracy and reliability in detection of *EGFR*mutations using PCR-based methods (analytic sensitivity and specificity).    

      Canadian Agency for Drugs and Technologies in Health (CADTH) recently conducted a review of the literature (11 observational studies) to assess the diagnostic performance of PCR-based methods to detect the presence of *EGFR* mutations in patients with advanced NSCLC [@ref-3997067558].  The report concluded that PCR-based methods can identify mutations in *EGFR* with a similar sensitivity to that of direct sequencing.

      Molina-Vila *et al.* [@ref-591989213] evaluated a PCR-based method that requires two rounds of PCR amplification compared with DNA sequencing.  The results from the PCR method were identical to those obtained from sequencing in 86% of cases for exon 19 and 78% for exon 21.

      Hoshi *et al.* [@ref-2917795508] used the Smart Amplification Process (SMAP) and direct sequencing to rapidly detect mutation in *EGFR*.  Nine mutations were identified using both methods.  Although sensitivity and specificity were not reported, SMAP was able to detect an additional mutation that was not identified using sequencing, suggesting that SMAP may be able to better detect mutations in samples with low DNA (i.e., limited specimen material^3^) which is a limitation of direct sequencing.  It has also been noted that in some patients, re-biopsying tumors would be necessary to obtain enough sample to test for *EGFR*.

      To date, no mutation analysis test has been approved by the FDA.

***Clinical Validity*:**strength of relationship between test result and patient outcomes (predictive and prognostic value).

Jackman *et al. * [@ref-2067393735] reported that chemotherapy-naive patients who had *EGFR*-mutation positive NSCLC had statistically significant better outcomes than those with wild-type *EGFR* when treated with a tyrosine kinase inhibitor, such as erlotinib. The authors also reported that *EGFR* genotype was more effective than clinical characteristics at selecting appropriate patients for consideration of first-line therapy with an EGFR-TKI.  In the group with 3 or 4 clinical predictors -- race, gender, smoking status, and tumor histology -- *EGFR* mutation status was further able to divide the 59 patients into two groups and predict the patients who would benefit from erlotinib (time-to-progression \[TTP\]=12.9 months in *EGFR*-mutation positive patients versus TTP=1.8 months in *EGFR*-mutation negative patients, p\<0.0001).  Within the 164 patients with zero to two clinical predictors, *EGFR* mutation status provided additional information to better determine who would benefit from erlotinib treatment (TTP=10.8 months in *EGFR*-mutation positive patients versus TTP=2.5 months, p\<0.0001).  Results from the Phase III OPTIMAL trial [@ref-3315275183] found that in 165 patients with *EGFR*-mutation positive advanced NSCLC first-line treatment with erlotinib was statistically significantly more effective than standard chemotherapy.  The investigators reported that median progression-free survival was 13.1 months in the erlotinib arm compared to 4.6 months in the chemotherapy arm.  The Phase III European Randomized Trial of Tarceva versus Chemotherpay (EURTAC) found that erlotinib extended progression-free survival in Caucasian patients with *EGFR*-mutation positive advanced NSCLC compared with standard chemotherapy.  The authors reported that median progression-free survival was 9.4 months in the erlotinib arm compared to 5.2 months in the chemotherapy arm (p\<0.0001) [@ref-448740771].

***Clinical Utility*: net benefit of test in improving health outcomes.**  

      Currently no prospective, randomized clinical trial has specifically looked at how *EGFR*-directed therapy affects patient outcomes compared to standard management of all newly diagnosed patients with NSCLC. 

      Preliminary modeling analysis by the Center for Comparative Effectiveness in Genomic Medicine (unpublished) suggests that *EGFR* mutation testing is moderately cost-effective.

**Limitations**

      Different studies used different PCR-based methods to detect *EGFR* mutations which may limit the comparability of the results across studies.  

**Conclusions**

As noted earlier, lung cancer is the leading cause of cancer-related deaths, with an estimated 157,300 deaths in the US in 2010 [@ref-3246719959].  Moreover, advanced NSCLC is considered an incurable disease and current treatment approaches provide marginal improvement in overall survival at the expense of substantial morbidity and mortality, highlighting the need for new, less toxic treatment approaches. 

Tyrosine kinase inhibitors, such as erlotinib, have been developed and approved as maintenance, second- and third-line treatment options in unselected advanced NSCLC patients [@ref-1216318083] [@ref-901095057]. However, subgroup analyses from the initial clinical trials consistently showed that patients with *EGFR* mutations and correlated clinical and histological characteristics who received erlotinib had higher rates of response and better progression-free and overall survival, leading to clinical trials specifically focused on the use of tyrosine kinase inhibitors as first-line therapy in these patients. 

Overall, the available evidence indicates that upfront *EGFR* mutation testing for patients with advanced NSCLC can help guide treatment decisions (i.e., *EGFR* mutation status can identify NSCLC patients who are more likely to respond to erlotinib, whereas those with wild-type tumors are unlikely to respond to erlotinib and alternative treatment should be considered). However, there are remaining gaps in the evidence base that make strong conclusions about the clinical utility premature: (1) there are currently no data from prospective randomized clinical trials comparing *EGFR*mutation testing to usual care;(2) there is a lack of data as to whether *EGFR-TKI's*provide an overall survival advantage when compared with platinum-based treatment in patients with *EGFR*mutations; and (3) the cost-effectiveness of erlotinib as first-line or maintenance therapy, considering the high cost of a monthly supply^4^, has not been adequately assessed.

**Links**
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